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Note: I focus on the 
determination of nPDFs from 
data through DGLAP fits (so 
Q2 will be perturbative to 
apply collinear factorisation), 
not on the origin of the 
different effects seen in 
structure functions or the 
motivations for physical initial 
conditions.



Nuclear structure functions:

N. Armesto, 14.11.2016 - nPDFs at an EIC: 1. Introduction. 3

● Different explanations for the different regions (many of them 
not based on a partonic picture): not the subject of this talk.



Nuclear structure functions:

N. Armesto, 14.11.2016 - nPDFs at an EIC: 1. Introduction. 3

● Different explanations for the different regions (many of them 
not based on a partonic picture): not the subject of this talk.

Nuclear binding, 
nucleon off-

shellness, 
meson 

exchange,…

Coherence-
decoherence, 
saturation,…



Nuclear structure functions:

N. Armesto, 14.11.2016 - nPDFs at an EIC: 1. Introduction. 3

Nuclear binding, 
nucleon off-

shellness, 
meson 

exchange,…

Coherence-
decoherence, 
saturation,…

6=● Bound nucleon   free nucleon: search for process independent 
nPDFs that realise this condition in collinear factorisation.
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nPDFs:
● Lack of data ⇒ large 

uncertainties for the nuclear 
glue at small scales and x: 
problem for benchmarking in 
HIC in order to extract 
‘medium’ parameters.
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● One of the most standard procedures in HEP: development of 
fast (public) tools for evolution and computation of observables.
● Problems known by the proton community.
● Its aim is extracting PDFs from data, assuming that collinear 
factorisation works. 
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Presently included data

Not
included

● Not enough data for any single nuclei: A-dependent parameters 
in either the ratios or the PDFs.
● Valence for x>10-2 constrained by DIS, sea for x>10-2 by 
DIS+DY, glue for x~0.1 by DIS Q2-evolution and RHIC pions.
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● Centrality 
dependence (EPS09s) 
not from data but from 
the A-dependence of 
the parameters.
● Several models 
provide it: Vogt et al., 
FGS, Ferreiro et al.,…
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● No constrain at high x (g) and low 
x (g, valence, sea).
● Data do not require flavour 
separation (Ru=Rd).
● LHC data next: EPS16, AZ,…
● Initial condition (plus sum rules) 
drive the extrapolations.
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● LHC ran pPb collisions at 5.02 TeV/nucleon in 2012-2013.

➜ Jets and EW bosons: at present used to test factorisation in 
pA/AA, and they offer some constrains to nPDFs.
➜ No sizeable in-medium effects e.g. energy loss.
➜ Delicate centrality issues!!!
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● LHC ran pPb collisions at 5.02 TeV/nucleon in 2012-2013.

● According to current plans, LHC will not run pPb again until 
2028.
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➜ W’s from ALICE
(AF/B) and CMS
(AF/B and AC).
➜ Z’s (AF/B) from
ATLAS and CMS.
➜ Jets from ATLAS
(AF/B).
➜ Dijets from CMS.
➜ (Even) h± from
ALICE (AB/C) and
CMS (AF/B) (pT>5
GeV, DSS FFs).
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● Repeat the previous analysis but reducing the total error bars 
by a factor 3 (not for this year’s run - factor 2 in statistics, same 
detectors; it might be possible for Run 4).

Q2=1.69 (4 for DSSZ g) GeV2
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● Several studies address the flavour dependence of nuclear 
effects using EW bosons: sensitive to Ru/Rd at large x.

1610.02925

nCTEQ15, reweighting

1608.06835

KP model
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substitute PHENIX pions for constraining the glue at x~0.01.
● New more differential analysis (CMS PAS HIN-16-003) show 
differences between PDF/nPDF sets.
● Impact to be evaluated: NNLO jets needed (1611.01460)?

AntikT, R-0.3,
ηdijet=(η1+η2)/2,
pTave=(pT,1+pT,2)/2
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have been used to constrain the small-x glue in p, and similar 
proposals exist for using exclusive J/ψ in UPCs (1610.02272).

● D0 mesons in pPb from LHCb (LHCb-CONF-2016-003, not yet 
using 5 TeV pp data) look compatible with collinear factorisation.



D mesons and UPCs:

N. Armesto, 14.11.2016 - nPDFs at an EIC: 3. Impact of LHC pPb data. 15

● D’s (combinations of spectra at 5, 7 and 13 TeV, 1610.09373) 
have been used to constrain the small-x glue in p, and similar 
proposals exist for using exclusive J/ψ in UPCs (1610.02272).

● D0 mesons in pPb from LHCb (LHCb-CONF-2016-003, not yet 
using 5 TeV pp data) look compatible with collinear factorisation.



D mesons and UPCs:

N. Armesto, 14.11.2016 - nPDFs at an EIC: 3. Impact of LHC pPb data. 15

● D’s (combinations of spectra at 5, 7 and 13 TeV, 1610.09373) 
have been used to constrain the small-x glue in p, and similar 
proposals exist for using exclusive J/ψ in UPCs (1610.02272).

● D0 mesons in pPb from LHCb (LHCb-CONF-2016-003, not yet 
using 5 TeV pp data) look compatible with collinear factorisation.



D mesons and UPCs:

N. Armesto, 14.11.2016 - nPDFs at an EIC: 3. Impact of LHC pPb data. 15

● D’s (combinations of spectra at 5, 7 and 13 TeV, 1610.09373) 
have been used to constrain the small-x glue in p, and similar 
proposals exist for using exclusive J/ψ in UPCs (1610.02272).

● D0 mesons in pPb from LHCb (LHCb-CONF-2016-003, not yet 
using 5 TeV pp data) look compatible with collinear factorisation.

● J/ψ production in UPCs indicates gluon shadowing at small x.

1305.14671605.06966
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● Centrality studies in pPb are problematic: CMS dijets, ATLAS and 
PHENIX jets, J/ψ,… (ALICE ZDC probably the best option).
● Coupling of soft and hard production, included in models, is able 
to reproduce the trends in data, see the talk by Milhano in HP2015.

1401.4433

1509.04657
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● Coupling of soft and hard production, included in models, is able 
to reproduce the trends in data, see the talk by Milhano in HP2015.

● Relation with MPIs, if you keep a microscopic explanation of pPb.

1611.01664

● In my view, this is one issue where a lepton-hadron/nucleus 
machine is a must, as we have to disentangle between the impact 
parameter picture of proton/nucleus (eA) and the dynamics of 
particle production in the hadronic collision, that includes the 
former but is far more complex.
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● Forward photons (LHCb, ALICE FoCal), photon+HQ, pion-
nucleus DY data,…, have been proposed.

1103.1471 1012.1178

1609.07262
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● Forward photons (LHCb, ALICE FoCal), photon+HQ, pion-
nucleus DY data,…, have been proposed.
● Top may be available for Run 4 (and for FCC).

1501.05879
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kinematics;
➜ firmer theoretical 
grounds. Ax

-810 -710 -610 -510 -410 -310 -210 -110 1
)2

 (G
eV

2
Q

-110

1

10

210

310

410

510

610

710

810

910

Pb(2750)+e(60)208

Pb(19700)+e(60)208

Pb(19700)+e(180)208

(x)2
sat,PbQ

Present
DIS+DY

dAu@

RHIC

7+2.75 TeV
=0,...,6.6

lab
y

50+19.7 TeV
=0,...,6.6

lab
y

pPb@FCC

Ax
-710 -610 -510 -410 -310 -210 -110 1

)2
 (G

eV
2

Q

1

10

210

310

410

510

610

710

810

(x)2
sat,PbQ

Present
DIS+DY

p+Pb   LHC (7 TeV+2.75 TeV)

Present nuclear DIS
and Drell-Yan in p+A

= 6
laby

= 4
laby

= 2
laby

= 0
labypPb@LHC

Ax
8−10 7−10 6−10 5−10 4−10 3−10 2−10 1−10 1

)2
 (G

eV
2

Q

1−10

1

10

210

310

410

510

610

710

810

910

Pb(2750)+e(60)208

Pb(19700)+e(60)208

Pb(19700)+e(175)208

(x)2
sat,PbQ

Present
DIS+DY

ePb@FCC

√sNN/TeV
0.8
2.2
3.7



Parametrisation bias:

N. Armesto, 14.11.2016 - nPDFs at an EIC: 4. Electron-ion colliders. 20

EIC example

● Sensitivity to the mathematical form of the initial conditions is a 
well-known issue in proton PDFs: NNPDF, PDF4LHC 
recommendation of comparing different sets, HERAPDF2.0 studies,
…
● In our case: determination of nPDFs beyond (pseudo)data…
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EIC example

How?: mainly dictated by the shape of ICs

hep-ph/0201256

● Sensitivity to the mathematical form of the initial conditions is a 
well-known issue in proton PDFs: NNPDF, PDF4LHC 
recommendation of comparing different sets, HERAPDF2.0 studies,
…
● In our case: determination of nPDFs beyond (pseudo)data…
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● An idea to deal with it in the 
EPS09 framework:
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● An idea to deal with it in the 
EPS09 framework:

       3 for LHeC

● 15 (orig.) ➝ 19 (new) parameters.
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● Substantial reduction of uncertainties, moderate effect of charm.
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● Simulation: NC(+CC+c,b not yet used) with systematic 
uncertainties from a complete simulation.
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● Simulation: NC(+CC+c,b not yet used) with systematic 
uncertainties from a complete simulation.

M. Klein at POETIC6
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● Substantial reduction of uncertainties.
● EICs provide the nPDFs with the precision required for the 
heavy-ion programmes at RHIC, LHC and future colliders.
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e

● Diffraction is linked to nuclear shadowing through basic QFT 
(Gribov): eD to test and set the ‘benchmark’ for new effects.
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● nPDFs are poorly known considering the needs of of the heavy-
ion programmes.
● Hadron colliders (RHIC, LHC) will provide information, 
particularly at small x, but DIS is needed:

➜ Factorisation to be checked with PDFs extracted from several reactions.
➜ Effects beyond fixed order pQCD (resummation, saturation) can be 
hidden in the PDFs: need of several observables.

● eA colliders will provide a substantial improvement in the full 
kinematical domain, with complete flavour decomposition possible.
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➜ Factorisation to be checked with PDFs extracted from several reactions.
➜ Effects beyond fixed order pQCD (resummation, saturation) can be 
hidden in the PDFs: need of several observables.

● eA colliders will provide a substantial improvement in the full 
kinematical domain, with complete flavour decomposition possible.

● To do:
➜ Include NC, CC, s,c,b,t, at all x.
➜ Obtain PDFs for a single nucleus in a 
single experiment, Δχ2=1.
➜ Analyse the tensions between 
different observables if pseudodata 
containing e.g. saturation are included.
➜ Radiative corrections.
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➜ Effects beyond fixed order pQCD (resummation, saturation) can be 
hidden in the PDFs: need of several observables.

● eA colliders will provide a substantial improvement in the full 
kinematical domain, with complete flavour decomposition possible.

● To do:
➜ Include NC, CC, s,c,b,t, at all x.
➜ Obtain PDFs for a single nucleus in a 
single experiment, Δχ2=1.
➜ Analyse the tensions between 
different observables if pseudodata 
containing e.g. saturation are included.
➜ Radiative corrections.

Many thanks to:
➜ Elke Aschenauer and Thomas Ullrich for information and material 
about the most recent EIC fits.
➜ José Manuel Penín for providing projection plots for HL-LHC.
➜ John Jowett, Max and Uta Klein, Paul Newman, Hannu Paukkunen, 
Voica Radescu, Anna Stasto and Pía Zurita for many things.
➜ The organisers for their invitation to provide this talk.
➜ You all for your attention.
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e(60)+p(7000)/Pb(2750)
∫L=10 fb-1 (ep)

∫L=1 fb-1/nucleon (ePb)
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